Summary.-In 9 years in Kenya, 34 examples of primary liver cancer were diagnosed in patients in the first two decades of life. This represents 4.7O% of all liver cancers during this period. The larger proportion (29) were hepatocellular carcinoma. In the second decade, there was a notable association with macronodular cirrhosis. Analogy with experimental work suggests that cells in mitotic cycle may be more vulnerable to the effect of environmental carcinogens.
Five examples of hepatoblastoma were identified at ages from 2 months to 14 years; none showed the features of "mixed" tumours. The ratio of hepatoblastoma to hepatocellular carcinoma was the reverse of that found in other large series of juvenile hepatic tumours.
The histopathological features of these tumours are described and problems of their classification are discussed.
IT has been said that there is a "strange absence" of primary cancer of the liver in children in parts of the world in which it is common in adults (Edmondson, 1956; Fraumeni, Miller and Hill, 1968) . Since these areas, which include Africa south of the Sahara, are mostly in countries with recently developed and inadequate medical resources, one should be cautious about accepting comparisons with more generously endowed communities. However, the statement is not altogether supported by the small number of papers from sub-Saharan Africa in which relevant data are given (Table I) . Davies (1955) thought that the apparent dearth of juvenile cases was probably the result of "lack of observation or reporting", and this appears to be confirmed by Anthony's later finding in Uganda (1973) of 11 examples of liver cell carcinoma in the under-twenties. As one might expect, even larger numbers have been reported from southern Africa, notably Lourenco Marques (Prates, 1961) . In Kenya, although liver cancer apparently does not reach the very high incidence found in Mozambique (Torres, Purchase and van der Watt, 1970) , it comes fifth in the table of relative frequency ratios (Linsell, 1967) . Investigation of liver disease in early life may reasonably be expected to yield some clues to aetiological factors and, with this in mind, we have reviewed liver disease in Kenya in patients in the first two decades of life (Bowry and Cameron, 1976) . This revealed a considerable number of cases of primary cancer of the liver.
MATERIALS AND METHODS
Kenya has a population of almost 11 million (1969 census). The histopathological laboratory of the University of Nairobi provides a diagnostic service for almost the the entire country (a small proportion of specimens is dealt with at the Nairobi hospital, the Aga Khan Hospital, Nairobi and the Provincial Hospital at Kisumu). Provision of medical services (and particularly, availability of sophisticated investi- Two main histological forms of primary liver cancer are found in children:
1. A tumour which is indistinguishable from adult hepatocellular carcinoma;
2. An embryonic tumour analogous to the nephroblastoma. Willis (1962) uses hepatoblastoma for all such embryonic tumours, and he sub-divides them into "embryonic hepatomas" which contain only embryonic liver tissue, "mixed tumours", which include bone or cartilage, and the rare "rhabdomyoblastic mixed tumours".
We did not see any examples with mesenchymal elements, and for the purposes of this paper we confined ourselves to the two main categories: hepatocellular carcinoma and hepatoblastoma. Even on this simple classification, allocation of occasional tumours is uncertain and arbitrary, and the sole criterion may be whether the tumour cells are recognizably of parenchymal type or not (Shorter etal., 1960 (Fig. 1) . In this, the tumour cells, although mostly small, bore a close resemblance to hepatic parenchymal cells and in some parts were arranged in trabeculae. The remaining cases in the two decades showed the range of features commonly seen in tumours of adults (Figs. 2 and 3 ). Attempts at formation of ducts and acini were seen in some; in Case 19 (Fig. 4 ) parts resembled cholangiocarcinoma; it was clear from its major component, however, that it was essentially hepatocellular. Haemopoiesis was present in the tumour in Cases 1 and 4, and in both tumour and the neighbouring parenchyma in Case 13 (Fig. 5) . In two cases (11 and 12) there was associated hepatic schistosomiasis.
In 12 specimens there was sufficient non-neoplastic liver for histological assessment, and 8 of these showed macronodular cirrhosis. All 8 patients were between the ages of 12 and 20 years. Steiner and Davies (1957) Wainwright (1961) Prates (1961) Gelfand, Castle and Buchanan (1972) Anthony (1973) Cameron and Warwick (this paper) (Fig. 7) . They were arranged in large "packets" but had no trabecular or ductular pattern. There was no cirrhosis of the non-neoplastic liver.
DISCUSSION

Histology
Most hepatocellular carcinomas, whether in adults or children, are sufficiently well differentiated to be easily recognized. Similarly, the typical embryonic hepatoblastoma poses little diagnostic problem, particularly when it is of "mixed" type.
When there is no "foreign" mesenchymal element, distinction from hepatocellular carcinoma may,be arbitrary and subjective. Edmondson (1956) found every grade of transition between the two, and Willis (1962) acknowledged that some tumours in older children are difficult to classify. The distinction between the two tumours may not be entirely academic, since it is likely that the factors which produce a truly embryonic tumour differ from those which give rise to a carcinoma of adult type. Some workers have attempted to make more elaborate classifications (Ishak and Glunz, 1967; Kasai and Watanabe, 1970) but our experience, in keeping with the findings of Edmondson (1956) Willis (1962) and Sinniah, Campbell and Colebatch (1974) , is that there is a "grey zone" between the occasional poorly differentiated hepatocellular carcinoma and the purely epithelial hepatoblastoma. It is unsatisfactory to have no more objective criterion than the degree to which tumour cells resemble hepatic parenchyma, but we find that for practical diagnostic purposes there is often no other. It has been said that extra-medullary haemopoiesis is a feature of hepatoblastoma (Misugi et al., 1967) and Shi0dt (1970) takes this as favouring the embryonic nature of the tumour. We found it in 1 of our 5 cases but also in 3 hepatocellular carcinomas, and therefore of no diagnostic help. This is hardly surprising, particularly in young anaemic children.
Age
The ages of the 34 cases of primary cancer of the liver ranged from 2 months to 20 years. Comparison of age distribution with other series is difficult because: (a) the numbers in any series are small; (b) available statistics (Doll, Muir and Waterhouse, 1970) (Sinniah et al., 1974) 3 were aged between 6 and 10 years. We agree with Ishak and Glunz (1967) in doubting whether some examples of "mixed" tumours reported in adults are related to hepatoblastoma, but since this is an embryonic tumour, one might expect to find, as with nephroblastoma, occasional examples in adults (Barnett, Erickson and Halpert, 1958) ; some, indeed have been described in elderly patients (Alexander, 1961; Carter, 1969) . Of the present group of 5 hepatoblastomas, 3 occurred within the first 2 years of life, and one was 5 years. The last was 14 years old, and required careful scrutiny, both because of the age and because it was multinodular. The latter feature does not exclude the diagnosis (Bigelow and Wright, 1953; Shorter et al., 1960; Ishak and Glunz, 1967) and the histological resemblance to the other 4 cases persuaded us it was a hepatoblastoma.
Hepatocellular carcinoma.-We found two examples of hepatocellular carcinoma in the first decade, one at 2 months. The latter patient had a distended abdomen and a large hard liver since birth, and this was thought to be a congenital neoplasm similar to that described by Wilbur, Wood and Willett (1944) . McDougal and Gatzimos (1957) present 5 cases of hepatocellular carcinoma in patients below the age of 5 years, and 2 of these were less than one year old; in the series of 11 cases by Shorter et al. (1960) , 4 were less than 10 years old and 2 of these were in the first year of life.
Sex
The series of 29 hepatocellular carcinomas shows the mnarked male predominance (20:9) which is well recognized in adult cases. The numbers of hepatoblastoma are too small to show whether this is a regular feature.
Geographical variation
This survey has been carried out in a country with limited medical facilities which militate against early investigation and all too often preclude follow-up. Any comparison with more sophisticated centres is therefore hazardous, particularly when dealing with lesions as uncommon as childhood neoplasms of the liver. One can however make some valid observations. 1. Our 34 cases were collected over a period of 9 years. This can be compared with figures from some major centres: 11 cases in 53 years at the Mayo Clinic (Shorter et al., 1960) ; 24 cases in 18 years at the Children's Hospital, Columbus, Ohio (Misugi et al., 1967) ; 47 from the Registries of Pediatric and Hepatic Pathology at the Armed Forces Institute of Pathology over a period of more than 40 years (Ishak and Glunz, 1967) ; 46 since 1926 at Great Ormond Street, London (Keeling, 1971) ; 30 in 22 years at the Hospital for Sick Children, Toronto (Ein and Stephens, 1974) and 20 in 22 years at the Royal Children's Hospital, Melbourne (Sinniah et al., 1974) .
2. In five large series (Ishak and Glunz, 1967; Misugi et al., 1967; Kasai and Watanabe, 1970; Keeling, 1971; and Ein and Stephens, 1974) , hepatoblastomas outnumber hepatocellular carcinomas by 169 to 38. The proportions are reversed in the Kenyan series, there being 29 hepatocellular carcinomas and 5 hepatoblastomas. One might postulate that the incidence of hepatoblastoma, like that of nephroblastoma, is unlikely to show much geographical variation. The proportionate increase in hepatocellular carcinoma would then point to the existence of some local carcinogenic factors. The fact that 11 cases occurred in patients below the age of 15 years indicates that such influences start early in life.
3. In neighbouring Uganda, the proportion of liver cancers found at age 20 or less (4.2% Anthony, personal communication) is similar to the 4-7 % found in Kenya, and this confirms that the "strange absence" of juvenile cases (Edmondson, 1956 ) is an illusion as far as these highfrequency areas are concerned. Pathogenesis of hepatocellular carcinoma It seems that cirrhosis is seldom associated with hepatocellular carcinoma in very young children in the first decade of life, although individual examples have been reported (Jones, 1960) . However, in this series, the association is a notable feature after the age of 10; macronodular cirrhosis was found in 8/12 in which there was adequate tissue for assessment.
The precise role of cirrhosis in hepatic carcinogenesis is uncertain, but the constant high association with hepatocellular carcinoma seen in all parts of the world suggests an important clue to the pathogenesis of the tumour. It is not known, however, whether the association is coincidental or causative, whether the cirrhotic liver is intrinsically prone to neoplasia or simply more vulnerable to the action of environmental carcinogens. Epidemiological and experimental work suggests an important role for such carcinogens. In areas where liver cancer is common, both viruses and chemical substances have been proposed as possible oncogenic agents.
In Africa south of the Sahara, the hepatitis B surface antigen (HBsAg) is found widely in the African population (Parker, Muiruri and Preston, 1971; Bagshawe and Nganda, 1973; Lowenthal et al., 1973) . It is not only associated with viral hepatitis, but is found in a large proportion of cases with chronic hepatitis and cirrhosis (Anthony et al., 1972; Kew et al., 1974) , The proportion of positives in adult hepatocellular carcinoma varies widely in different series: from 1.3% to 65% (Bagshawe, 1975) . It has been suggested that the hepatitis B virus may "set the scene" for liver cancer by producing cirrhosis or, alternatively, that it may itself on occasions be oncogenic.
Much attention has been paid recently to the possibility that chemical carcinogens in the environment may be responsible for the frequency of liver cancer in Africa. Aflatoxin B1 has repeatedly been identified in food, and surveys show not only that man does ingest this carcinogen, but that there is a correlation between the intake of aflatoxin and the incidence of liver-cell cancer (Peers and Linsell, 1973; van Rensburg et al., 1975) .
Aflatoxin has been identified in human milk (Burton, 1971) and experimental studies show that it can be transferred to offspring in maternal milk, and result in tumours in later life (Mohr and Althoff, 1971; Grice, Moodie and Smith, 1973 (Warwick, 1971a) . With others (including aflatoxin B1) the reverse is true (Wogan and Newberne, 1967) . Thus, although evidence from man suggests a central role for cirrhosis in hepatic carcinogenesis, much experimental work contradicts this.
A more important factor may be the intensity of mitotic activity in the liver at the time of administration of a carcinogen. Newborn and young animals are often highly sensitive to hepatocarcinogens (Della Porta and Terracini, 1969) . The same is true of adult animals whose livers are regenerating following partial hepatectomy (Craddock and Frei, 1974; Warwick, 1971b) or chemical damage (Craddock, 1 976) . It would seem that cells in cycle are more vulnerable to the action of hepatocarcinogens. If so, this could be relevant to human liver cell cancer in two circumstances: (a) when exposure occurs in early life, during active liver growth (if environmental carcinogens were responsible for the tumours seen in this study they must have been encountered very early); (b) in adults whose livers show an abnormally high level of regenerative activity resulting from diverse liver diseases. On this basis one might postulate that the association between cirrhosis and liver cancer is accounted for by the regenerative activity which is a notable feature of cirrhosis, but which it shares with other diseases in which hepatic cells die.
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